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0 Imaged mlcrocapsule-coated paper. 



® Imaged microcapsule-coated paper, e.g. pressure-sensitive copying paper, is produced by imaging paper by 
means of laser energy and then applying a coating of microcapsules over the image. The image may be a 
manufacturer's name, logo or trademark, and may be applied at high speed on the paper machine on which the 
paper is produced or on the coating machine used to apply the microcapsule coating. 
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IMAGED MICROCAPSULE-COATED PAPER 



This invention relates to the production of imaged microcapsule-coated paper by a method not involving 
the application of ink or other marking material, and to imaged microcapsule-coated paper produced by this 
method. The microcapsule-coated paper may for example be pressure-sensitive copying paper. 

Pressure-sensitive copying paper frequently reaches the end user through the intermediary of a printer 
s or other converter, rather than direct from the manufacturer. The end user may therefore receive the 
product In the converter's packaging and labels, rather than those of the manufacturer, this tends to lessen 
the effectiveness of the manufacturer's advertising, and to prevent the manufacturer from capitalising on 
goodwill generated by previous satisfactory use. of the manufacturer's product it would therefore be 
advantageous from the manufacturer's point of view if the microcapsule-coated paper could be imaged, for 
70 example with the manufacturer's name, logo or trademark, without this image interfering with subsequent 
operations to be carried out on the paper, for example printing or writing or with the functional performance 
of the paper. 

It has now been found that this objective may be achieved by using laser energy to image the paper on 
one of its surfaces and then applying a microcapsule coating over the Image so formed. The image formed 
rs by the laser energy is not erased by the application of a wet microcapsule coating and has been found to 
be visible through the dry microcapsule coating on the finished product 

The use of laser energy is advantageous in that it permits imaging of the paper at high speed, and in 
particular at the speed at which the paper is produced en the papennacriine or the speed at which the 
paper is coated with microcapsules, so facilitating "on-machine" operation. A further advantage is that laser 
20 imaging does not require the paper to be contacted by an imaging member such as a printing roll. Thus 
there is no risk of contamination by stray marking fluid, and paper feeding is made simpler. 

The use of laser energy for imaging various materials is known in itself, for example in the field of 
packaging to apply date or production codes or "sell by" or "best before* dates to inked or painted metal 
cans, glass or plastics bottles, plastics films, and paper labels which carry ink or other coating materials all 
as over their exposed surface. More generally, an article entitled "Fast laser pulses can etch a pattern in a 
moving part on a production line" in "Laser Focus", July 1975 issue, at pages 28 to 33, discloses that 
"such non-metals as plastic wood, paper, paint and glasses are highly absorbent* (with respect to laser 
energy). However, there is nothing in the prior art just discussed which discloses or suggests the potential 
of laser marking for meeting the objective set out above, or discloses that the image formed may 
30 subsequently be coated with microcapsules and yet remain clearly visible. 

Accordingly, the present invention provides a method of producing an imaged microcapsule-coated 
paper comprising the steps of imaging one surface of a paper substrate by the application of laser energy 
and then applying a microcapsule coating to said one surface of the paper substrate so as to cover, but not 
obscure, the image produced by the laser energy . 
35 The laser energy may be supplied by means of a pulsed laser, or a continuous wave laser, typically a 
carbon dioxide laser in each case. 

The Images produced by the present method may be visible or discernible In transmitted or reflected 
light or both, depending on the conditions under which they are produced (pulsed or continuous wave laser 
energy, energy level, paper type, etc.). 
40 The image may be produced by positioning a suitably-apertured mask plate or stencil in the path of the 
emitted laser energy, so as to obtain an Image corresponding to the configuration of the aperture(s). 
Normally a focussing lens or mirror Is used to focus the energy on to the paper to be imaged, although the 
extent of focussing required will depend on the power of the laser used and the characteristics of the paper 
being imaged. If too much energy is applied, paper damage, Le. undesirable lifting of fibres from the paper 
45 surface and undesirable discolouration as a result of scorching, may occur, whereas if insufficient energy is 
applied, a discernible image will not be formed. 

A number of factors govern the extent to which the image sought to be applied is actually visible or 
discernible. The principal factors so far Identified are:- 

(1) the amount of laser energy impinging on unit area of the target region of the paper; 
so (2) the size of the imagB fin general, a large image will be more readily seen than a small image); 

(3) the colour or shade of the paper being imaged (the image wiil in general show up better In 
reflected light against a coloured background than against a white background); 

(4) the moisture content of the paper; 
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(5) the effect of coating with microcapsules (the microcapsule coating may partially obscure the 
image, or the aqueous suspension in which the microcapsules ar normally applied may partially smooth 
down the fibre disturbance produced by the laser energy - whilst these effects have been noticed, it has 
been found, contrary to what might have been expected, that neither of them is particularly severe in 

5 practice). 

(6) the type of laser used, i.e. whether it is a pulsed laser or a continuous wave laser. 

(7) the manner in which the image is viewed (i.e. whether it is viewed in reflected or transmitted 

Dght). 

Taking all the above factors into account, it has been found that in order to obtain an Image of sufficient 
10 size to be reasonably legible on base paper as currently used in commercial production of pressure- 
sensitive copying paper, the laser and the associated focussing equipment should be capable of providing 
an energy density on the paper to be imaged of at least about 1.7 or 1.8 joules cm* 1 , depending to a 
• certain extent on image size and paper colour. 

Whilst the energy densities quoted above represent an approximate lower threshold for an acceptably 
75 visible mark (for this particular paper), better results are obtained at higher energy densities, for example at 
energy densities (on the paper to be marked) in the range 1.9 to 5.0 joules cm~ a for pulsed lasers and 22. 
to 4.8 joules cm* 2 for continuous wave lasers, depending in part on web speed. The upper limits of the 
ranges just quoted do not represent a threshold above which scorching necessarily occurs. A pulsed carbon 
dioxide laser having a maximum power output of the order of 2.5 to 5.0 kW or a continuous wave laser 
20 having a maximum power output of the order of 1 to 3 kW (depending on web speed), will normally be 
suitable for achieving the energy densities quoted above, when used with suitable focussing equipment 

Pulsed lassrs of the kind supplied for the mar king or packaging materials by such companies' as: Laser 
Applications Limited of Hull, England; J.K. Lasers Limited of Rugby, England; and Lumonics Inc. of Kanata, 
Ontario, Canada, and a continuous wave laser of the kind sold as an Electrox Industrial Laser by Bectrox 
25 Ltd, of Stotfold, near Hitchin, England, are examples of suitable commercially available lasers for use in the - 
present invention. 

It has been found that the moisture content of the paper to be imaged influences both the clarity of the 
mark formed at a particular energy density and the threshold energy intensity required for imaging. At low 
moisture contents, for example 3% moisture by weight, acceptably clear images have not so far been 

30 obtained, even at a pusled laer energy density on the paper of 5 joules cm -3 . Increasing the moisture 
content has been found to result In images of improved clarity. Above about 4% moisture content by 
weight acceptable images were obtained in the higher part of the 1.9 to 5.0 joules cm" 1 range referred to 
above and the image quality improved with increasing moisture content Less clear images were obtained in 
the lower part 'of the 1.9 to 5.0 joules cm -3 energy range, but image quality improved at these lower 

35 energies when the moisture content was above about 6% by weight These effects mean that moisture 
content can be used as a control parameter in the imaging operation, In addition to energy density. This 
offers the potential of reduced energy usage, and also enables images to be obtained with a reduced 
amount of lifting of fibres from the paper. Such lifting is potentially disadvantageous with respect to the 
subsequent microcapsule coating operation, as it can lead to gaps in coverage of the paper by the coating 

40 composition at or adjacent to the imaged areas of the paper. Taking all the factors just described into 
account the preferred operating parameters are an energy density on the paper of about 2.1 joules cm* 3 , 
say 2.0 to 22 joules cm* 3 , for a pulsed laser, or Z2 to 4.8 joules cm~ a , for a continuous wave laser and a 
paper moisture content of at least 6% by weight, for example 6 to 8% by weight In the case of a 
continuous wave laser the beam energy may fluctuate, -and in order to allow a margin of error and minimise 

45 the possibility of images sometimes not being produced, a higher energy density than the lower figure just 
quoted is desirable, for example 3.5 joules cm* 2 . . 

The laser Imaging operation may be carried out as part of the operation in which the paper is produced 
or is coated with microcapsules. For example, the laser may be positioned at the dry end of the 
papermachine or at or adjacent the reel unwind* station of the coating machine at which the microcapsule 

so coating is applied, or, In the case of in-line microcapsule coating, between the dry end of the papermachine 
and the microcapsule coating head. The moisture content of the paper will vary at different locations, and 
the position chosen for imaging should take this into account 

The web speed at which imaging may be carried out may vary widely. Marking at web speeds up to 
550 m min- 1 has so far been achieved, but it is not thought that this represents an upper limit since 

55 spinning discs of paper have been clearly marked at a speed equivalent to a linear web speed of 2,800 m 
min-1 (using manually-induced pulses of laser energy). 
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The image repeat frequency may in prindp! be varied within broad limits. For example, the frequency 
may be such as to grv one mark per sheet (e.g. an A4 or A5 size sheet) if th paper is eventually to be 
sheeted. If the paper is to be used initially in. reel form, the marks may be applied at longitudinal spacings 
corresponding to A4 or AS or other desired spacings, although equipment constraints may preclude the 

5 obtaining of too closely-spaced marks. 

The present invention is applicable to both white and coloured papers. With white papers there is a 
"white on white" effect, the whiteness of the image contrasting with that of the unmarked paper. With 
coloured papers, the image normally appears as white against the coloured background in reflected light 
The additional contrast which this affords tends to mean that the energy density required to produce 

to acceptably visible marks on most coloured papers (excepting perhaps yellow papers) is rather less than 
that needed for producing acceptably visible marks on white papers. 

The microcapsule coating operation may be carried out by the techniques conventionally used in the 
manufacture of pressure-sensitive copying paper, for example reverse-roll, air knife or fiexographic coating, 
and the microcapsule coatweight may also be conventional (say 4 to 6 gm~* dry coatweight). 

is The invention will now be illustrated by the following examples:- 



Example 1 

so to this Example a 20 Hz (nominal value) pulsed carbon dioxide laser of 2-5 joule maximum energy 
output was used to image a 48 g nr* whitB paper web of the kind used In pressure-sensitive record 
materia!, after which the web was reverse-rbli coated on a pilot scale coaler with an aqueous microcapsule- 
containing coating composition of the kind used in pressure-sensitive record material at a wet coatweight of 
approximately 20 g m~* (5 g nr* dry). The laser was positioned between the unwind station and the coating 

25 head of the coater. An apertured mask was positioned in the path of the laser beam, so as to allow laser 
energy through in an image configuration. A lens was used to focus the Image to give an image size of 9 x 
4 mm. 

The web was run at a range of speeds from "crawl" to 550 m min-\ the total length of web Imaged 
being more than 5000 m. At all speeds the image had good definition and consistency prior to coating. 
30 Coating reduced the definition and consistency of the image, but did not obscure it, and the image was of 
acceptable quality. The target image repeat distance was 420 mm, and this was largely achieved except 
below about 150 m min~' web speed. 

The microcapsule coated paper was tested for functional performance by utilizing the paper as the top 
sheet of a pressure-sensitive record material couplet, and this performance was found to be satisfactory. 



Example 2 

This Example was generally similar to Example 1 , but a white web of higher grammage was used (72 g 
40 rrr* instead of 48 g m" 3 ) and the image size was 11.9 * 5.9 mm. The web speed ranged from 300 to 500 m 
min~\ The definition of the Image once it had been coated with microcapsules was found to be substantially 
similar to that prior to coating. The rnicrocapsule-coated paper was tested as before and found to be 
satisfactory. 

45 

Example 3 

This Example was also generally similar to the previous Examples, but blue and yellow 48 g m~* base 
papers were used instead of a white base paper. The image size and web speeds were as in Example 2. 
so The images obtained were white, and thus afforded a contrast with the unimaged area of the paper. The 
contrast was much more noticeable for the blue paper than for the yellow. The microcapsule-coated paper 
was tested as before and found to be satisfactory. 



55 Example 4 

This Example Illustrates how the image formed by laser energy varies at a rang of energy levels and 
paper grammages. 
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The images were made on individual sheets of paper of a range of grammages using a 20 Hz pulsed 
carbon dioxide laser of 5.0 joule maximum energy output, and an apertured mask and focussing lens as 
generally described in Example 1 , and the laser was manually triggered. The image size was varied to 
achieve an energy density (on the paper) of from below 1 .8 joules cm"* to 5.0 joules cm" 2 for paper of 48 g 
m~ 2 grarnmage, and from 1.9 to 2.5 joules cm" 2 for papers of higher grarnmage (52, 62, 72, 82, 92 and 94 g 
m* 2 ). The moisture content of all these sheets was approximately 6% by weight 

It was found that an energy density of below 1.8 joules cm* 2 represented an approximate minimum 
threshold for visible image formation. Visible images were always obtained at an energy density on the 
paper of 1.9 joules cm- 2 to 2.5 joules cm" 2 although the clarity and edge definition of the image were not 
very good in the lower part of this range. Energy densities in the range 2.5 to 5.0 Joules cm"* gave images 
of good visibility, but the definition of these images tended to fall off as the energy density increased above 
2.5 joules cm" 2 , possibly because the energy caused excessive disruption of the fibrous structure of the 
paper. 



Example 5 

This Example Illustrates how the image formed by laser energy varies at a range of paper moisture 
contents and two different energy densities. 

The laser used was as described In Example 1 with the laser energy output restricted to 1 .5 joules. Two 
Image sizes were employed, namely 13.8 * 5.7 mm, and 11.9 » 5.9 mm, corresponding to energy 
densities of 1.85-end 2.1 joules cnr* respectively. The graiTimages of the papers used were 48, 52, 62, 72, 
82, 92 and 94 g irr 2 , and the moisture content range was from 3% to 9% by weight 

It was found that whatever the energy density and image size, images of poor quality were always 
obtained below a moisture content of about 4% by weight With the smaller image (i.e. higher energy 
density), acceptable images were obtained at and above this moisture content, the image becoming better 
as the moisture content increased. With the larger (mage (I.e. lower energy density), acceptable images 
were obtained only at a minimum moisture content of about 6%. 



Example 6 

In this Example, a continuous wave carbon dioxide 1 kW laser was used to image a range of papers as 
used in the manufacture of pressure-sensitive copying paper at different web speeds on a prototype test 
rig, as follows:- 



Paper Type 

Grammage (gm~^) Colour Web Speed ' (m min" 1 ) 
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* These papers had a clay-based colour developer coating 

25 on their surface opposite to that being imaged * The 

imaged paper surfaces were uncoated in all cases. 

The image size in each case was 5 x 12.5 mm. After imaging, the imaged surface of the paper was 
coated with an aqueous microcapsule-containing composition, as generally described in Example 1. The 
30 images obtained in each case were clearly visible through the microcapsule layer in transmitted light and 
the functional performance of the paper in a pressure-sensitive copying set was found to be satisfactory. 
The images on the coloured papers were also clearly visible In reflected light 



35 Cfaims 

1) A method of producing an imaged microcapsule-coated paper, characterized by the steps of imaging 
one surface of a paper substrate by the application of laser energy and then applying a microcapsule 
coating to said one surface of the paper substrate so as to cover, but not obscure, the image produced by 

40 the laser energy. 

2) A method as claimed in claim 1, wherein the density of the laser energy on the paper substrate is at 
least 1.7 Joules cm"*. 

3) A method as claimed in claim 2, wherein the density of the laser energy on the paper substrate is at * 
least 1.8 joules cm-*. 

45 4) A method as claimed in claim 3, wherein the density of the laser energy on the paper substrate is at 
least 1.9 joules cnr*. 

5) A method as claimed in claim 4, wherein the laser energy is from a pufsed laser and the density of 
the laser energy on the paper substrate is in the range 1.9 to 5.0 Joules cm" 1 . 

6) A method as claimed in claim 5, wherein the density of the laser energy on the paper substrate is 
so from 2.0 to 2.2 joules cm" 1 and the moisture content of the paper substrate is from 6% to 8% by weight 

7) A method as claimed in cfaim 4 wherein the laser energy is from a continuous wave laser and the 
density of the laser energy is from 2JZ to 4.8 joules cm-2. 

8) A method as claimed in any preceding claim wherein the paper substrate is imaged by means of a 
laser energy source mounted on the paper machine on which the paper substrate is produced or on the 

55 paper coating machine on which the paper substrate is subsequently microcapsule coated, whereby the 
speed of the paper substrate during imaging is th same as the speed at which the paper substrate is 
manufactured or coated with microcapsules. 
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.9) A method as claimed in any preceding claim, wherein the imaged microcapsule-coated paper is a 
pressure-sensitive copying paper. 



